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TOXIC AND REACTIVE MATERIAL HANDLING ON SPACELAB J AND USML-1
By Jack Dashner

Spacelab J and USML-1 provide prime examples of materials which are toxic at
ambient conditions or toxic during the processing stages. The materials are
used in both life science and material processing experiments.

SPACELAB J

In addition to the expariments, the mission uses Mission Peculiar zquipment
required to integrate the payload including a cooling water loJn and a vacuum
vent system. The vacuum vent plays an important role ir toxic..y control on
Spacelab J.

While each of the experiments provide interesting and unique reauirements for
hazard control, the Frog Embryology Experiment (FEE), the Genetal Purpose
Work Station (GPWS), the FMPT Life Sciences (FMPT-LS) and FMPT Material
Experiment Laboratory (FMPT-MZL) are the elements which contain most of the
toxic materials.

The Frog Embryology Experiment is an Ames Research Center experiment
devsloped in conjunction with the University of Michigan to study the effects of
weighilessness in the deveiopment of amphibian eggs fertilized in space.
Female African clawed frogs will be flown, ovulation will £2 induced and frog
eggs will be placed in agg chambers. The eggs will be fertilized using testis
and sperm prepared immediately before flight. Some chambers will be
subjected to a one a centrifuge, Figure 1, to serve as a control group. Many of
the chambers will be fixed with fermaldehyde at predetermined periods
following fertilization while others will be returned for continued ground studies.

This is a terse explanation of a very interesting experiment which wili probably
be discussed in a later session. From a toxicity standpoint, the fixative
formaldehyde has a low maximum allowable concentration (MAC) and requires
triple containment to meet the two failure tolerance required for hazards which
could be catastrophic. Containment is provided by a syringe, sealed plastic
bag, and a hard side sealed container during storage. Operations are
performed inside of the General Purpose Work Station (GPWS), Figure 2. The
GPWS provides a sealed container (closed environment) and provides the
equivalem of a second containment by virtue of the filtering system which uses
specially treated charcoal to remove formaldehyde and other toxic materials
during the air circulation process. In the event of loss of power or other failures,
the GPWS is placed in a closed loop operation which still provides one level of
containment.
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EMPT Life Sci

The Japanesa experiments use hardware developed by both the Japanese and
JSC to cenduct 13 experiments including:

Free Fiow Electrophoresis Unit (FFEU)
Vestibular Function Experiment Unit (VFEU)
Thermo-FElectric Incubator (TEI)

vight Impuise Stimuiator /.iS) Equipment
Fungi Growth Chamber

Enzyme Crystallization Kit

Cell Cuilture Kit

Fly Container

Cosmic Radiation Devices

Egg Rack

Physiological Monitoring “ystem

Urine Monitoring System (UMS) - SL-3

The axperimants contain n.'mercus materials including biological materials, fish
(2 camp), tur ., enzymes, animai and plant ~alls, fruit flies, seeds, hen eggs, and
urine specimens. While each of the exgerimenic has interesting and unigue
objectives, the fluids are low or non toxic ard use siny:c to dual coniainment.
The cell culture kits presant the greatest hazard principally due to the fixative
agent gluiaraldehyde which fixes samples at vanous stages of gr-wth. This
exampie has been selected principally to dispiay a rather innovative syringe
used to provide dual containment (Figure 3).

The life science experiments have ieen slighted in order to discuss the material
processing facilities.

EMPT - Materials Expenr i Laboratory (MEL)

The FMPT-MEL will occupy two double Spacelab racks to house :he

experiments and suoport equipment. Figure 4 depicts the configuration and
Table 1 identifies the equipment.

The FMPT-MEL consists of 22 experiments peiformed in 11 different facilities

~hich include 6 different types of fumaces. The experiments and iacilities are
liste” ‘n Table 2.

In addition to the experiment facilities =z ‘iadicated vac. 'm vent facility is
required in conjunction with a turbo:wiecular pumg 10 provide a high quality
vacuum. Additionally, high pressure qas -9s (3000 y:si helium, 300C .«si
synthetic air, 3000 psi argon, and 1000 psi krypton) are provided for processing,
quenching, purging and «eumati: vaiva dgeration.
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NOTE:

The equipment numbers on this page correspond to
the numbers and titles in Table 8-1.

FIGURE 4 FMPT-MEL EXPERIMENT
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TABLE 1. FMPT-MEL EXPERIMENT EQUIPMENT
IN SPACELAB RACKS 8 AND 10

Sample Stowage Container (SSC-1)

Image Furnace - Furnace Drive Controller (IMF-FDC)

[mage Furnace - Control Equipment (IMF-CE)

Image Furnace - Material Processing Unit (IMF-MP)

Sample Stowage Container (SSC-2)

Power Distribution Box-1 (PDB-1)

Data Recording Video Tape Recorder (DRVYR)

Central Interface and Control Equipment (CICE)

Continuous Heating Furnace - Control Equipment (CHF-CE)
Continuous Heating Furnace - Material Processing Unit (CHF-MP)
vacuum Pump Package Equipment (VPPE)

Pilot Valve Unit (PLVU)

Access Panel

cxperiment Power Switching Panel (Rack 8)

Vent Line

Vacuum Vent Panel

Blank Panel

Organic Crysta) Growth Experiment Facility (OCF)

Large Isothermal Furnace - Control Equipment (LIF-CE)

Large Isothermal Furnace - Material Processing Unit (LIF-MP)
Gradient Heating Furnace - Control Equipment (GHF-CE)
Gradiont Heating Furnace - Material Processing Unit (GHF-MP)
Acoustic Levitation Furnace - Contrcl Equipment {(ALF-CE)
Acoustic Levitation Furnace - Material Processing Unit (ALF-LVT)
Power Distribution Box-2 (PDB-2)

Liquid Drop Experiment Facility (LDF)

Specific Experiment Control Equipment (SECE)

[ntercom Remute Station (ICRS)

Filuid Physics Experiment Facility (FPF)

Crystal Growth Experiment Facility and Gas Evaporation
Experiment Facility (CGF/GE?)

Compressed Gas Supply Equipment (CGSE)

Access Panel

Experiment Power Switching Panel (Rack 10)
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Fumacse operations generally raquire installation of expsriment samples by
hand and automatic processing by computer althcugh manual controls are
available for hazardous function control. For all furnaces interlocks and doors
are pr(o:vided to prevent sample removai prior to cooling to touch temperatures
ot 45°C.

Gradient Heating (GHE)

The GHF, Figure 5, has been developed for several types of experiments such
as crystal growth, melting/solidification, and eutactics. The facility functions by
positioning the sample, and after heatup, the fumace translates to provide a
moving gradient across the sample. The fumace uses two heating coils at one
end and a single coil at the other end. Between the coils is a watar cooling
chamber. The furnace, which operates at temperatures up to 1100°C,
processes the sample in a vacuum. Two samples, M 01 and M 22 of Table 3
provide three levels of containment by the use of two quartz ampoules and a
tantalum cartridge. Sample M 10, Figure 6, is encased in an unsealed tantalum
cartridge. The metals in this sample will offgas toxic gases during processing.
Contzinment is provided by the furnace (one level) and by use of the vacuum
vent line. During processing, the toxic residue is pulled in to {1e vent line for
release to space. Based on partial pressures, the offgas rates are low. In order
to use the concept that vacuum venting provides the equivalert of corntainment
there are safeguards required. The furnace pressure is continuously monitored
and must remain negative in relation to spacelab ambient pressure. In the
event that the fumace pressure approaches module pressure, the furnace
automatically shuts down. The sample materials are nontoxic in the solid state
and sample M 10 remains in the fumace after processing.

Imaging Fumace (IMF)

The Imaging Fumace, Figure 7 and 8, is designed to accommodate several
samples, including crystal growth, by pulling the crystallization zone among the
sample Axis. The IMF contains twin ellipsoidal mirrors with one common focus
whare the sample is located. Two halogen lamps, each located at the focal
point of the ellipsoid, provides the heat source. Movement of the meiting zone
is accomplished by moving the twin mirror furnace along the sample axis. A
quartz tube is installed over the samples during processing and an inert gas,
argon, flows past the sample. All pressure inside of the furnace, including the
argon is at a negative pressure in relation to the module. The pressure is
continuously monitored and the fumace automatically shuts down for positive
pressure. As in the GHF, the vacuum vent serves as a containment levei
equivalent. The IMF will process four types of samples. Samples M 02 and

M 08 of Table 4 use a quartz ampoule for processing. Figure 9 shows one of
the quartz ampoules. Samples M 20 and M 03 (Figure 10) both are naked
samples. The naked samples use the sealed IMF and vacuum vent to achieve
containment. The IMF is equipped with two view ports to allow visual inspection
of the samples to assurse that toxic ash or residue has not coated the interior of
the furnace. Handling of processed samples requires the use of disposable
gloves and samples are placed in sealable bags for storage.
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Contiouous Hesting Furnace (CHF) ‘

The CHF, Figure 11, is a unique vacuum fi'rnace designed to process samples
contiiuously. The CHF combines two heating chamhers and two water cooled
chambers to achisve continuous heating of two sampies and rapid cooling of
two samples. The fumace operates at a maximum of 1300°C and can cool twd
samples from 1200°C to room temperature in approximately 10 minutes.
Heating and cooling chambers are alternately arranged. The furnacs tra~islates
fore and aft to position the chambers over the samples. After heat up and
sample processing, the furnace translates aft, rotates 90°, and then translates
forward such that samples which were being heated, are then cooled. At the
completion of the cooling cycle (touch temperature of 45°C) the cooled samples
are replaced with new samples for the naxt phase. The CHF will process five
sample types - M 04, (Figure 12) M07, M 13, M 19, and M 11 of Tahle 5. All of
the samples provide triple containment except M 11, Figure 13, wiich provides
dual containment. In this case the furnace and vacuum provide the extra levels
of containment. All of the containments are somewhat different, however the
examples, Figures 12 and 13 are representative.

Large Isothermal Fuinace (LIF)

The LIF, Figure 14, is a vacuum heating furnace which operates at temperaturcs
up to 1600°C. Provisions are made to allow pressurization cf some sample
cartridges at 6 bar (Figure 15). Fumace heat up and processing are
accomplished in a vacuum and cooling uses helium gas at pressures which are
negative in relation to the module. In the event of positive pressure, the furnace
automatically shuts down. Three sample types will be processed - M 05, M 12,
and M 06 of Table 6. Both M 05 and M 12 cartridges provide dual containment
while M 06 is a naked sample which remains in the ‘urnace after processing.
Figure 16 depicts one of the sample cartridges while Figure 17 shows the
naked sample.

Crystal Growth Fagilfty (CGF)

Tne CGF, Figures 18 and 19, consists of two furnace chambers, one for a
spherical sample and one for a bar sample. The furnaces operate at
temperatures in excess of 1400°C and samples are processed in gaseous
argon which is at a negative pressure in relation to the spacelab module. In the
event the fumace pressure approaches module pressure, the furnaces
automatically shut down. Each furnace chamber will process one naked
sample of silicon (Sample M 09 of Table 7) which will remain in the furnace
after processing until removal on the ground. Silicon is a low toxic material and
the furnace plus the vacuum vent provide adequate containment.
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THERMOCOUPLE
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, ic Lovitator F (ALE)

The ALF, Figure 20, is designed for containeriess refinement of glass in space.
The ALF, which operates at approximately 1400°C, is very similar to the Image
Furnace in that halogen lamps, located at the focii of twin ellipsoid mirrors
reflect the heat to a common focus point for melting glass. The ALF sample is
processed in a krypton gas flow which is at a negative pressure in relation to the
module pressure. Tne pressure is continuously monitored and the fumaca is
automatically shut down if the internal pressure approaches ambient pressure.
The furnace is equipped with a speaker to create an ultrasonic tunnel within the
furnace. A sound reflector at the rear of the furnace is adjustable to enable
sample positioning. The furnace will process sample M 17 of Table 7 which is a
naked glass sample. Toxicity is low and containment will be provided by the
furnace and the vacuum vent.

Organic Crystal Growth Facility (OCE)

The OCF Figure 21 is comprised of two experiment cells, a large cell and a
small cell. Contents of the small cell are insufficient to result in a toxicity hazard
and is controlled by dual containment. Both cells are processed at ioom
temperature. The large cell uses an inner quartz container which has three
chambers, one for the donor fluid, one for mixing and one for the acceptor fluid.
The anisole, Table 8, is toxic and due to the Suantity will require triple
containment. The quartz container is loczited within an aluminum container
which is housed in a sealed aluminum box. The quartz container and the inner
box have some common penetrations. In order to achieve two containments, it
i necessary to use dual sets of "o" rings or seals. A vigorous quaiification
program including a 14 month leak test is being performed.

Other P ing Fagiii
Other experiments includs 2 Bubble Behavior Unit to study fluid movement in
space, A Marangoni Convection Unit, a Liquid Drop Facility (acoustic levitation)
for fluid drops and a Gas Fvaporation Facility. Single or dual containment is
provided as required. The containments are interesting, however the
experiments do not provide significant toxicity hazards.
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FIGURE 21 FO M21B OCF LARGE CELL
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USML-1 Spacelab

The USML-1 is still in the early design stages and concepts are not as clearly
defined as Spacelab J. The:a will be several material processing facilities
including containerless procassing by acoustic levitation. Another experiment
will be the Crystal Growth Faciiity, Fiyure 22, which will process numerous toxic
metals at differant temperatures. Tiis ‘acility will have some direct bearing on
the space station. The facility uses a furnace core which translates along the
sample axis. As in the case of some SL-J experiments, the Crystal Growth
Facility will use the vacuum vent as a level of containment and will require shut
down if the inner pressure becomes positive in relation to the module. Sample
change out will be manually performed by the crew. Tc preciude toxic material
release in the module during sample change out, a collapsible glove box will be
used. The glove box will seal around the end of the container while the
insertion port cover is removed. In the event of toxic residue in the furnace as
evidenced by discolorization the cover will be reinstalled and the glove box
dumped tc the vacuum vent.

R jations/Conclusi

° Triple containment is the preferred method fo. prevention cf toxic material
release in habitable areas for catastrophic hazards. The containments must be
adequate for the intended use and enviroriment.

° When operations preclude triple containment, innovate methods should be
explored. While there are several examples of use of the vacuum vent as an
equivalent containment, stringent requirements exist to monitor interna!
pressures and shut the facility down for positive pressure. Materials must be
nontoxic at ambient temperatures, and offgassed products must be compatible
with the vacuum vent. Offgassed products must also be compatible with each
other to the extent that exothermic raactions must riot occur which would resuit
in a hazard. It should be noted that a contamirated vacuum vent could result in
ground hazards during de-integration activities and will require special
procedures. It is usually the responsibility of the experiment developer to
decontaminate or replace the vacuum vent after flight.

8-40

g -



'SNOILAO NOILVINIHO ONUNNOK  «

¢¢ /N9ld
(499) FOVNUNS HLMOUD TVLSAUHD

WOLHIA HO TVANOZIOH

MIN2S oVIYV——__ |

91 PPy CIHOIIM ILVIXODY o

ONISSIIOHd ONING
Jv3 ONY JUNSSIHd DMILYHIJO .
IAIVOIN AB CIMNOY z
ANIWNIVINGD 40 STIAITOML  + J

DNISSIO0HJ DNIING OV3 |
M1 J0ISM JUIHJSONLY NOBYY -

{S)31INVE JO WARULZ Y L

MNOILEISNI TVNINVI® BOS ¥43S

IH1L HLM NOILOYYIALN ATHD - 200m1WVD
A NCINVYAVINYS —._

SINVS 9

dN SS300Hd OL ALINGVYIYD R 3

ONIAVH {INIS) WSINVHOIN 1ncsens wiyld
JONVHOXJ IWNVS QILVYINOLNY -

NOILVISNVHL IDVYNUNS -« vo100
ONIX 28Nt

‘SIUNLVYIS A
4NVID NOWNVR

1404 NOINISM ITdnvs

ATEWISSY JU3I/3IUNUNS GI1HUIIINT 19D

o o imtien g e B 4272 2
. - . o P

,A IRV NOLI08

I\ a3i108

|— 3MOON ZIVNUNL
310VENDIINGIIN

po——Jv2

FONVY 4 404
\! asiLvoe

RUY LNOLINS
200NV
ANV 3V4mvse

200
ANINNOY

HOLIINNOD
Nevaive

8-41



L , — ., 33 - -~ : . « C, R L . . B - . . <. - e
-

L64°0188381 G1608 OQVHO 103 ‘SONIHIS OAVHO 10D
4007 WVd AWIAVYIY 0521

ONRIFINIONT NAMOYE
INACT AL M

VNVEVYIV ‘ITIASLNNH

dOHSIIOM DONIMANVH STVRIFIVIN
INILDVIY ANV DIXOL NOLVIS FDVdS

| 8861 4FAWINON 62

DONIRIIINIDONT NMOUS INAGITIL
ASIANZIDS AUOSINGAY
NGSNHOf "1 SYTO0HJIN

9-1

LNINJINOD3 ANV ZON3AldIdX3
DNISS3D0dd STVINALYIN

LIINOS




;_.r,‘ e e S e
& ):

01608 DAVHO 10D ‘SONIHIS OOV HO 10D
dO0 XHVd AWIAV IV 0621

ONRIFINIONT NMOUE
INAMETBL M

AUVYININNS o

ANIWJINOI AN Y L4VUIIDVS
DONISSIO0Ud STVINILYIN AINN'YWNN NOLOHdJ e

d3¥31LNNODN3 SWITE0¥Ud TYNOLLYUIJO e

9-2

SLINN TVYIIDOTONHD310Ig <«

SIOVNUNA JIULD3ITT <«

LNIWJIND3 DNISSII0Ud STVINILYI o

SNOILLYUNDIANOD NOLLVIS HDVdS LIINOS o

8670189181

;
NOILLYLNISIdd 40 IAdOIS

a2 »
- ) ‘ A Al .l . ‘ Q‘w\v'



SALYUT SPACE STATION
MATERIALS SCIENCE LAYOUT

TBESS10-499

1. PION FACILITY

2. TAVRIYA FACILITY
3. GENOM FACILITY

4. TRIZXIAL HIGH-SENSITIVITY

ACCELEROMETER
5. SPLAV CONTROL PANEL

6. SPLAV FACILITY

7. KRISTALL CONTROL PANEL

8. KRISTALL FACILITY
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11. SPACE STATION FURNACE FACILITY o

o NOTE: No hardcopy of this presentation was provided for the Workshop Proceedings. ;
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